A computer model was developed which makes it possible to predict the effects of several cigarette properties on the different degrees of ventilation (total degree of ventilation, degree of ventilation of the tobacco rod, degree of ventilation of the filter) and on the pressure drop. A special advantage of this model is its ability to pre~ diet the degree of ventilation from the properties of the materials (e.g. of filter, paper, tobacco) instead of from the properties of the manufactured cigarette. Thus it is no longer necessary to manufacture an experimental cigarette each time. Another advantage results from the fact that the fluctuations of the degree of ventilation can be attributed direcdy to the factors responsible. Each contribution of the individual factors responsible can be determined separately, which is normally not possible by means of experiments. Thus this model is not only a component of a computer~aided product de~ sign, but is also a useful tool for quality control. Some examples are presented which are typical of the effects of various properties of the materials on the ventilation. It becomes obvious that a low level of flue~ tuations of the filter ventilation does not only imply constant properties of the applied materials (such as tipping paper) but also a uniform primary process.
SUMMARY
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• A special need arose for a computer model which per· m.its simulation of the effects of several material param· eters (of filters, papers and tobacco) on the degree of filter ventilation, without manufacturing a cigarette each time.
The model presented here can be used to predict smoke deliveries (as a component within the computer·aided product design) and to analyze the fluctuations of qual· ity parameters.
THEORY AND ALGORITHM
The following two types of flow can exist in a filter ventilated cigarette:
a. Viscous flow: linear relationship between flow and pressure drop for the tobacco rod {10), for naturally porous cigarette paper (11, 12), for the filter rod (10) and for special types of fdter ventilation zones.
b. Inertial flow: non-linear relationship between flow and pressure drop for the tobacco rod (13-15), for perforated cigarette papers (12, 16) and for special types of filter ventilation zones (17, 18) .
A mathematical solution of the problem that includes all quoted non-linearities can be given only by numeri· cal methods, using a microcomputer. The simplest possible case involving only linear relationships can also be solved analytically. Even this comparatively simple solution comprises a number of interesting current applica· tions: filter ventilated cigarettes with degrees of filter ventilation under 30 %, naturally porous tipping paper and naturally porous cigarette paper with air permeabilities of less than 40 cm/(min · 10 cmHzO).
The formulae presented here have been developed in such a manner that the only variables involved are those which are independent of the properties of the manHfactHred cigarette ( Table 1) .
The physical problem is treated by the imperfectly insulated conductor analogy, as has already been done for plain cigarettes in (10) and (19). In the simplest case · with only one naturally porous filter ventilation zone (see Fig. 1 ), we obtain the analytical solutions which are presented and derived in appendix A. Cigarettes which have a tobacco or filter rod with several segments of different specific pressure drops or with several zones of different air permeabilities (see 
Calculation of VF, Vr, V-and of the pressure drops of the· cigarette
grees of ventilation of successive segments are calculated with the recursion formulae which are derived in appendix A(3). The total cigarette ventilation, the filter ventilation and the ventilation of the tobacco rod result from the ventilation of the individual segments in a simple manner (see appendix A (3)).
In the case of the non-linear flow condition, the nonlinear behaviour is approximated by a polynomial equation of the 2nd order (17, 18) . The degree of ventilation is then calculated by means of an iteration method which contains the formulae given above. This procedure is schematically described in Figure 3 .
Ill. RESULTS AND DISCUSSION
Advantages of the Model (Table 1) contribute to the fluctuations of the degree of filter ventilation. Thus the number of necessary measuremeots can be reduced drastically. Furthermore, the effects of some parameters which are inseparable by experiment can be separated using the model.
2. The algorithm is flexible enough to include all the relevant non-linear flow conditions mentioned above.
The Effect of the Properties of Materials on Filter Ventilation (Examples)
Effects of the Permeability and the Geometry of the Ventilation Zone: The algorithm contains the following parameters of the ventilation zone:
-position of the ventilation zone, width of the ventilation zone, effective air permeability (Lf) of the ventilation zone.
The effective air permeability Lf is determined by the following material and processing parameters:
-air permeability of the tipping paper (LJ, air permeability of the plug wrap (Lp), empirical processing factor (a.) (depending on the type of maker, conditions of manufacturing, and type of glue), geometrical factor ( ag)·
The geometrical factor comprises:
a. the reduction of the area available for ventilation by the glue seam, b. the difference between the area used for measurement and the area actually available for air flow. This may become important in papers with rows of perforations (18).
The formula used for the calculation of the effective air permeability of the ventilation zone is given in appendix B.
Various combinations of different tipping papers and plug wraps are presented in Table 2 . The effective air permeability, which is calculated according to the equation in appendix B, agrees satisfactorily with the experimental value (Fig. 4) .
In the case of a non-linear relationship between the air flow through the paper and the pressure difference, a value of the "air permeability" has to be chosen which is related to the pressure drop that actually exists at the ventilation zone (see iteration procedure in Fig. 3 ). Examples of non-linear pressure-flow relationships are shown in Figure 5 (see also (11)). The effect of the effective air permeability of the ventilation zone on the degree of filter ventilation is shown iri Figure 6 . Effect of the width of the ventilation zone on filter ventilation at constant effective air permeability (all other material parameters are the same as in Fig. 6 ). . Distance from beginning of ventilation zone to mouth end
[mm] Figure 6 . Effect of effective air permeability of the ventilation zone on filter ventilation. (Fig. 7) , the position of the ventilation zone (Fig. 8 ) and the pressure drop of the filter (see also (9)). In this paper, only one simple example of a homogeneous standard filter is given, although the algorithm presented here is especially well suited to the treatment of multi-component filters. The influence of the filter material is represented in our algorithm by the filter pressure drop.
Effect of Properties of the Tobacco Rod:
The algorithm contains only one property of the tobacco rod, i e. the pressure drop of the encapsulated tobacco rod. The draw resistance of the tobacco rod is a function of the tobacco weight at constant cigarette geometry. The assumed relationship between the draw resistance and the tobacco weight is given in appendix C. Figure 10 illustrates the remarkable influence of the tobacco rod pressure drop on filter ventilation. This means that a significant proportion of the fluctuations in the degree of filter ventilation results from materials and processes not associated with the filter ventilation zone. A narrow range in the degree of filter ventilation over a large number of manufactured cigarettes also reflects a uniform primary process.
Effect of the Cigarette Paper:
The effect of the air permeability of the cigarette paper on filter ventilation is illustrated in Figure 11 . Figure 12 gives an example of how the total degree of ventilation may be composed of filter ventilation and tobacco rod ventilation contributions. (The air permeability of the cigarette paper is varied, all other properties of the cigarette are kept constant.) Figure 13 . Comparison between.experlmental and calcu· lated values of the degree of filter ventilation for cigarettes with different design parameters (see also Table 3 ). Table 3 , a variety of cigarettes is listed which differ considerably in more than one property. Agreement between the calculated and the measured values of the de-· gree of filter ventilation (Fig. 13) is satisfactory.
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where:
V 10~a~-total ventilation, Vr = ventilation of the tobacco rod, VF -filter ventilation.
According to equation A 1, the ratio 1 1 I 1 0 is given by:
Analogous to the ratio I 2 I I., it follows:
In this case, the pressure drop of the tobacco rod and the pressure drop of the part of the filter between the tobacco rod and the ventilated zone act as resistance.
From equations A5 to A7 and equation A2 one obtains:
·S,·S 2 ·A,·A 0 .
[AB]
The different degrees of ventilation can be calculated by the following equations: a) total ventilation (%):
VF = 12-11 ·100 
One can see that all the quotients are of the same type. For each segment i, the quotients contain specific information about the segment In each case (C 1 , W; and S;) and information about the preceding segments {0 2 ,i-1 and RH). By generalisation of the equations one obtains the recursion formulae: For the calculation of the effective air permeability of the filter ventilation zone from the air permeablllties of the tipping paper and the plug wrap, the following formula is used:
[81)
Og, 1 .., fm/F 1 -geometrical factor of the tipping paper,
Cfu.p -Fw.IF P -geometrical factor of the plug wrap, «a = empirical processing factor, 
